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1 
This invention relates fo improved apparatus. 
for delaying a continuous signal or a complex 
wave. More specifically, the invention relates 
fo a delay device for waves in the audio band 
(maximum frequency about 15 kc.) utilizing two 5 
single gun storage tubes and circular scanning. 
The present invention is related fo co-pending 
application, Serial No. 18,119, of Max H. Mesner, 
filed March 31, 1948, Patent No. 2,579,269 issued 
December 18, 1951. 10 
In the past, delay networks, as well as other 
delay devices, have been used fo delay audio fre- 
quency signals for a desired period of rime. 
However, networks for delaying complex waves 
for periods of time intended fo be covered by the 15 
apparatus of the present invention are usually 
complicated and difficult fo construct. In the 
present invention, a circuit is provided in which 
tw0 single gun storage tubes, such as those 
known as the RCA SDT-5, or the "signal plate 20 
kinescope" may be used to obtain a delay of a 
signal, one of the tubes delaying information re- 
ceived during one interval of predetermined 
length and the second tube delaying information 
received during the next succeeding interval 25 
whlle the first information is being reproduced. 
In the present invention, circular scanning is 
used on both tubes. The delay rime may be 
varied over a wide range up fo about 3,000 micro- 
seconds, using two tubes. 30 
One object of the present invention is fo pro- 
vide an improved apparatus for delaying an audio 
frequency signal for a predetermined interval 
of rime. 
Another object of the invention is to provide 35 
an improved acoustic delay apparatus in which 
substantially none of the signal is lost. 
Another object of the invention is to provide 
an improved acoustic delay apparatus utilizing 
a plurality of single gun storage tubes and cir- 40 
cular scanning. 
Another object of the invention is to provide 
an improved acoustic delay apparatus utilizing 
storage tubes and a scanning system with maxi- 
mum resolution. 45 
Another object of the invention is to provide 
an improved acoustic delay system utilizing 
storage tubes and a scanning system requiring 
no blanking of return lines. 
These and other objects will be more apparent 50 
and the invention will be more readlly under- 
stood from the following specification and the ac- 
companying drawings, of which: 
lVig. 1 is a block diagram of one embodiment 
of the present invention, 55 

Fig. 2 is a schematic diagram of a preferred 
form of a partial circuit which may be used in 
the system shown in the block diagram of Fig. 1, 
and 
Fig. 3 is a graphical illustration of wave forms 
appearing in different parts of the system shown 
Referring now fo Fig. 1, a sine wave oscillator 
2 supplies a sine wave output, the frequency of 
which is selected so as fo obtain a desired delay 
interval. The length of the delay interval will 
be equal fo the rime length of one complete cycle. 
Therefore, fo obtain, say, a continuous delay of 
3,000 microseconds, an oscillator frequency of 
333.3 cycles per second would be used. A re- 
sistor control 4 may be used to vary the fie- 
quency of the oscillator. This oscillator may be 
any one of many known conventional types. An 
example of one suitable type is described in Pro- 
ceedings, I. R. E., volume 29, page 43, 1941. 
Part of the output of the oscillator 2 is fed fo a 
phase shifter 6. The sine output 6 of the phase 
shifter is fed fo the horizontal defiection coils ! fl 
and |2 of the defiection yokes of storage tubes 
No. | and No. 2, respectively, while the cosine 
output is fed to the vertical defiection coils |4 
and |fl of these two tubes. The two windings of 
the yoke are 90 electrical degrees apart. 
The phase shifter is controlled through a vari- 
able resistor |6 which is adjusted to obtain 90 ° 
phase shift of the sine wave output with respect 
fo the cosine wave output and thus produce cir- 
cular scanning of the screens of the storage tubes. 
Many different, well known types of phase shifter 
are suitable for this purpose, one of them being 
described in the General Electric Review, July 
1929, page 394. When the sine wave oscillator 
frequency is changed to obtain a different delay 
period, the phase shift control is also varied to 
get the required 90 ° shift unless a wide hand 
phase shifter is used. 
Another part of the output of the sine wave 
oscillator 2 is fed to an ]/2 frequency divider 2} 
which halves the output frequency, thus doubling 
the rime interval of each oscillation. For ex- 
ample, if the sine wave oscillator 2 produces sine 
waves, each cycle of which are 3 second long, 
the length of each cycle of the output wave of the 
frequency divider will be %, second long. This 
frequency divider may be of the type shown in the 
Bell Laboratories Record, December 1942, page 
99. The purpose of the frequency divider is to 
permit information to be stored on each tube for 
 of each of the longer period cycles. One- 
hall of each of the longer period cycles corre- 
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sponds to the entire length of each of the orig- 
inal cycles. The above mentioned type of fre- 
quency divider is but one of manY different types 
which can be used in the present invention. 
The output of the frequency divider 20 is fed 
to a clipping circuit 22 which produces a square 
wave output having the saine frequency as that of 
the frequency divider. This clipping circuit may 
be of the type described in U. S. Patent 2,132,655 
of J. P. Smith. Other conventional types of 
clipping circuits may also be used. 
The square wave output of the clipping circuit 
2.2 is then ïed to a differentiating circuit 24. The 
differentiating circuit passes only the high fre- 
quency components of the square wave. The high 15 
frequency components are represented by the 
steep sides of the square wave whfle the tops of 
these waves represent the low frequencies, ttence, 
the output of the differentiating circuit is  series 
of "pips" or puises of very short duration, say 1 20 
microSecond. These puises ocur af the begin- 
ning and end of :each half cycle Of the square 
Wave nd, therefore, bave a frequency the saine 
as that of the original output of the sine wave 
oscfllator 2. r A suitable differentiating circuit is 25 
also shown in the above mentioned smith patent. 
Part of the output of the differentiating cir- 
cuit 27 is applied fo .a polarity reversing circuit 
25 of any c0nvênti0nal type, which may include 
an mplifier. Thë polarityreverser reverses the 0 
pOlarity of the pulse output of the differ.entiator 
and apliesthis output fo eachof two trigger 
tubes A and D, ,which control the input of storage 
tubeNo. ! and the ' output of storage tube No. 2, 
respectively. Afiother part of the output of the 5 
differentiator 24 -is fed, without polarity reversal, 
te two other trigger tubes Band C which con- 
trol the input Of :storage tube No. 2 and output 
ofstorage tube No. I, respectively. 
The áUlib = input signal from a source (not 4O 
shown), which is fo be .delayed by the selected 
predetermined timè interval, is divided and fed 
in paràllel go triggêr tube A Controlling the input 
Of t0rage tubêNo. I, and fo the trigger tube C 
which C0ntrols:the input of storage tube No. 2. 45 
Ail trigger tùbes:are turned on by positive puises 
nd tunel Off by-negative.puises. 
Refer£inkow tolig. 3, a the apparatus is first 
putïn' oië£atio-n .at the beginning 6f rime interval . 
Sï::t0,:tët a poSitivepuis be applied from the 50 
bUtput of-liEerêntiator 24 fo the trigger tubes B 
aiZd C. This:përmits the audio input signal fo 
be passed .itïro(iti trigger tube C and driver 
am.Pfier 28 'to storage tube No. 2. During this 
itë.rvgl,-ttïen, àudio Signáls àre stored on the 5 
Stoiagë elehï:ents iof .tubeN0. 2. Since a positive 
isïiis_e isalso applied simuianeously to trigger 
tube B, information wouid normally be taken 
fr0m .the. c511ector electr0de 0.f"storage tube No. 
I ahl pased to the delay audio 0utput. How- 60 
ever, wh,en the apparatus is IïS .et in oPeration, 
n0::information is itiallytored On storage tube 
 No. '1 -änd::thrèf5re, .no dëlaye d audio ò.utpnt 
appars dfiring this rime intervhl . 
Algo, af-thëbeginning dr rime interval Sz-fo $, 65 
a-neg_ative ïo9dsetrom.the output of polarity re- 
Verser' 25iS applied to.trigger tubes A and D. 
Thesé two tubes are, therefore, cut off and, dur- 
ing-rime interval $ fo $, no audio input is ap- 
pIiëd: fo Stoage tube No. I and no 0utput is taken 
fonï st-oage.tfibe No. 2. " 
:Ai the 5eginning .of .rime interval 2 to t3, a 
negàtive .,puise is'applied 'to trigger tubes B and 
 aiïd a=lotive- pulse:is, apDliel t0 trigger :tubjes 
 :eamd :D: .During this rime intêrva], thérefêre; 
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there is no audio output from storage tube No.  ; 
audio input is applied through driver amplifier 
30 to storage tube No. ! and the information 
stored on storage tube No. 2 during the preced- 
5 ing interval t--$ is read off and appears as the 
delayed audio output. 
At the beginning of time interval t to , a 
positive pulse is applied to trigger tubes B and 
C and a negative pu/se is applied to trigger tubes 
10 A and D. During this rime interval, audio input 
signal is again stored on storage tube No. 2 while 
the information stored on storage tube No. ! 
during the preceding interval appears as the de- 
layed audio output. 
This-type of operation is repeated du_ring suc- 
ceeding time intervals such that each part of 
.the audio input s delayed by the selected rime 
interval, which interval may be varied by chang- 
ing the frequency of the sine wave oscfllator. 
in order fo apply audio input signal alternately 
fo each of the storage tubes and then read off 
the stm:ed signal 'first frQm one ube, then the 
other, a suitable switching circuit is necessary. 
An electronic rversing switch is preferred which 
wfll connect and disc0nnect circuits witho_ut put- 
ring in .transients. Or, if some transients are 
introduced, they shou!d be of such high frequen- 
cies as .to enable them fo .be flltered out, as by 
a conventional filter circuit 32, without appre- 
ciably affecting the 15 kc. c_omponents of the 
signal. 
in Fig. 2, there is illustrated .a preferred form 
of switching circuit which may be ruade fo have 
switching rimes of 1 microsecond or less. There 
are ïour identical circuits of this type, two of 
which control the-input and output of storage 
tube No. ! and £he other two of which control 
the input and output of storage tube-No. 2. Each 
of these cigcuits includes a secondary emission 
trigger type tubWA, B, C or D, such as described 
in the Bel/Laboràtories Record, April 1943, pages 
233-236. This .is a  vacuum tube .which may be 
turned on and off vith a puise having a rime 
duration of the oïder of 1 microsecond. Each 
tube has a cathode, a control grid, a first anode 
having an opefiing for the passage of electons, 
arefiéctor, an anode screen and a second anode. 
If the grid is ruade positive, some of the elec- 
trons fiow fr0m. the cathode throtighthe opening 
in the first anode to the rêflCtor which deflects 
the path of the .electrons. so that they strike the 
second anode.  The second anode emits second- 
ary electrons whibh are .collectèd by a collector 
grid. Control grid bias is supplied fo the control 
grid of each :tube by means Of gid biasing :esis- 
tors 4, 38, 8 and 4{} respectively, vhich are 
connected through the sec0ndaries of audio input 
transïormers 42, 74, 48 :and 48, respectively,'by 
me'aS of .which transf0rmers audio input signal 
is als0 applied:to the.control grids Of. each oflthe 
trigger tubes. 
The first node of each of the trigger tubes is 
supplied with a positivêpotentiál from a.suitable 
source s-uch as a battery. Each. of .thèse anodes 
is also connected fo the primary of an .audio out- 
put transformer 50, 52, 54 .or5.S. The second 
anode of each tube is supplied with an adjusted 
po6ential from .one 6f the resistors 34, .3, aS .or 
.4{}, which also serve, a-grid-biasing resistbrs. 
70 The collector grid of each-ube may be connected 
fo the saine souzce of positive ptential as is con, 
nected rb the second anode. 
There are two p0tentials/a Io.w, er one_of :which 
may be called "A" and.al uppez:one of whick lnay 
5 be called "B" at which th.e:crcnt'o, the= 



anode is zero in this type of tube. The "B" po- 
tential is a Stable condition resisting any attempt 
fo change if. At the "A" potential, however, the 
application of even a slight positive pulse to the 
second anode causes ifs potentlal fo jump to the 
"B" condition at which the tube amplifies as an 
ordinary triode. As the potential of the second 
anode is raised, the grid is driven a volt or two 
in the positive direction by the potential so that 
a small amount of electron current begins to 
flow in the tube. The sudden jump of the po- 
tentlal of the second anode fo the "B" condition 
carries the potential of the grid toits operating 
potential. The tube is now in the "on" condition 
and can be used fo amplify the audio input sig- 
nal. 
The tube may be returned, fo the "off" con- 
dition by momentarily applying a negative pulse 
fo the second anode. The. negative pulse should 
be sufficient fo drop the potential on the second 
anode to just below the "A" condition. 
The 1 microsecond "spikes" occurring in the 
delayed audio output may be filtered out by the 
conventional filter 32 wihout appreciably affect- 
ing the 15 kc. components. 
The audio input signal passed by trigger tubes 
A or C passes through audio output transformers 
50 or 54» respectively, fo driver amplifier tubes 
53, or (]0. These tubes each have anode biasing 
resistors (]2 and (],4 and cathode biasing resistors 
(]6 and 68, respectively. 
The amplified audio input signals axe applied 
fo the signal plates of the storage tubes alter- 
nately. These tubes are preferably of a type 
known as RCA SDT-5, a description of which, to.- 
gerber with the mode of operation, appeaxs in an 
articli entitled "The Barrier Grid Storage Tube- 
and Ifs Operation," imith, Mesner, llory and 
Jensen, RCA Review, M_axch, 1948, volume 9, 
No. 1. This tube was a]so described in U. 
Patent 2,433,941. The tube includes an evacu- 
ated envelope containing a heated cathode at one 
end. Surrounding the cathode are grids, each of 
which is provided with an orifice for the Passage 
of electrons supplied by the cathode. In front 
of the grid structure, there is positioned a collect- 
ing electrode 70 or 72. An accelerating anode is 
present as a metallic coating on the walls of the 
tube between the collecting electrode and the 
signal plate. The signal plate consists of a front 
and a rear portion. The front portion faces the 
source of electrons and may be a dielectric coat- 
ing such as aluminum oxide. The rear portion 
is a metallic plate usually ruade of aluminum. 
Immediately in front of the front surface of the 
signal plate is a metallic screen of fine mesh 
which is grounded. 
The general operation of the tube is as follows. 
The beam of electrons from the cathode passes 
through the fine mesh screen striking the dielec- 
tric target side of the signal plate at high velocity. 
Secondary electrons are emitted from the 
electric surface and, if the bombaxded axea is 
negative relative to the screen, pass through the 
screen towards the output or collector electrode. 
This causes the bombaxded axea of the taxget to 
bec0me more positive, until the potential of the 
bombaxded target area reaches that of the screen. 
If the bombaxded area of the taxget is positive 
relative the the screen, the secondary ernission 
from the axea is suppressed by the negative field 
caused by the screen and the taxget element be- 
cornes more negative untfl it reaches screen po- 
tential. When no signal is being impressed on 
the signal plate from a signal source during the 
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period of scausion, scansion of the beam across 
the target brings the scarmed areas to the poten-. 
tial of the screen. The beam is ruade to bave 
sufficient intensity fo substantially instantly 
5 bring the potentlal of an elemental axea to the 
screen potentiàl. 
In the present invention, the dielectric side of 
the signal plate of each tube is continuously 
scarmed by a beam of electrons in a circulax 
10 manner, as previously explained. During the 
rime interval, ri fo t2, the audio input signal 
modulates the signal plate of storage tube No. 
2 and each elemental area struck by the electron 
beam is brought to and teft af a potential which 
15 is directly proportional to the voltage level of-the 
modulating signal. 
During the next rime interval, t2 to t3, the audio 
input signal is similarly stored on the signal 
plate of storage tube No. ,. During this rime 
20 interval, also, the signal previously stored on the 
plate of storage tube No. 2 is read off. This is 
done by again scanning the coated taxget side of 
the signal plate. During this scausion, the 
number of secondaxy electrons leaving each ele- 
25 mental area is proport2onal fo the potential 
which the axea was left by the previous scansion. 
The secondaxy electrons travel to the collecting 
electrode 72 and the original audio input signal 
is thus reproduced in the output of the tube. 
30 The signal output of storage tube No. ! is taken 
from its collecting electrode 7(], applied fo audio 
input transformer 4 passed through switching 
tube B and thence applied by audio output trans- 
former 52 to the delayed output portion of the 
35 circuit. The microsecond switehing pluses may 
be ï-fitered out by a convention filtering circuit. 
32 comprising a suitable resistance 74and 
pacitance 7(] belote being utilized. 
Similaxly, the signal output of storage tube No. 
40 2 is applied through audio input transformer 4, 
switching tube D and audio output transformer 
56 to the delayed audio output circuit. 
There bas thus been described an improvced 
acoustic delay system in which many of the 
45 shortcomings of previous systems are eliminated. 
Circular scanning, for example, permits greater 
resolution than linear scanning since the scan- 
ning path is about 3.14 n t2mes as long as one 
line in lineax scanning. No blanking of return 
lines is necessary as in a system using television 
5O 
roster scanning because there are no returii 
lines. When sawtooth scanning is used, blank- 
ing of the return lines is usually required and the 
blanking signals normally appeax in the output 
55 unless eliminated in some manner. Even if elim- 
inated completely, gaps will appear in the de- 
layed output signal. 
Systems other than the one described may be 
used for obtaining circulax scanning. One set 
60 of yoke coils may be tuned to 70% amplitude on 
one side of resonance and the other set to 70% 
amplitude on the other side of resonance. Phase 
shfting could also be accomplished by means of 
a transformer. 
65 If is also apparent that the system of the pres- 
ent invention could be used to accomplish still 
longer delay periods with a larger number of 
storage tubes. A somewhat more complicated 
switching system would then be required fo turn 
70 the input and output of each storage tube on 
and off in the proper order but the switehing 
means could be of the saine type as described 
above and circular scanning would be accom- 
plished simultaneously in all tubes In exactly the 
75 saine manner as when only two storage tubes are 
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used Input . signal w.ould: be: placed on the. sigr 
nal. plate of each storage- tube. in turn in, somê 
predetermined, order and thon read off again. 
in the saine, order. Outputs of all-storage tubes 
could be cornbined in a single delayed o.utput 
signal line as shown in Figs. 1 and 2, 
I claire as my invention: 
1. ApDaraus for delaing an input signal for 
a- predetermined, period of rime belote appling 
said' signal to a utilization circuit, comprising a 
pluralitY, of storage tubes each having a. signal 
plate electrode of: which each. elementa area, is 
capable- of: temporarfly storing a charge having, a 
potential:proportional to a, modulating input:sig:- 
ns/ voltage applied' to. said electrode,, when said 
area is struck by a beam of electrons o pre 
determined energy leeL, means, for circulatoxy 
scanning: each of. sai& electrodes simuitaneously 
with. a, beam of electrons at said predetermined 
energy. Iavel, means for repeatedly modulating 
the input signal applied to each of. said electrodes 
in. a. pzedetermined order, whereby successive. 
partions: of said signal_ ara stored on different 
signal plate.electrodes, and.means, inEluding said 
electzer beam,, for removing said signal portions 
in tha same order after a rime delay equal te 
said: ledetermined period. 
2. Apparatua accozding: te claire 1 including 
means far. zecombining said delayed signal par- 
tions te form a conthmons, signal. 
3.. Apparatua for delaying an input signal., for 
a predetermineoE period of rime before applying 
said, signal te, a utflizatio ch'cuit comprising a 
flrs ad. a. second storage tube each having a 
signal plate electrode o£ which each elemental 
ar.ea, is cpable of temporarily storing a. charge 
haing  potential proportional te a modulating 
input signal voltage applied te sid etectrnde, 
when: said- area is struck bF a beam of eectr.ons 
of. predetermined energy level, means for cixcu- 
larly scanning each. of sald electrodes simulane- 
ously with a beam of electrons at said preder 
termined, energy level an@ at. a frequency such 
that each cycle is equal, in length te said delay 
period, means ïor. alternately, modulaing, the 
inpntsignal applied.to said plates at a periodic. 
ity, ecual te. the length of each oï sid ccles, 
whereby successive, portions of: said signal are 
stared  on. one o£ said electrodes and thon the 
other; and means ïor removing said signal por- 
tiona alternat.ely frein sid. electrodes af tre" a 
rime delaF period eqnal te said pre.determined 
periooE 
4. Apparaus according te claire. 3 in-which 
sald.., scnning frequency is controlled by  sine 
w.ave, oscillator a-nd including means for con- 
trolling the alternate application of said signal 
te. sald signal, plate electrodes vith. voltage pulses 
derived frein the outpu of said osciilator. 
5,. Apparatus for delaying an input signal for 
a, predetermined peïiod of rime belote apply- 
ing: sald signal te a utilization circuit, compris- 
ing a first and a second storage tube each haing'. 
a storage electrode of which each elemental rea 
is capable of temporarily storin a charge ha-ring 
a potential proportional te a modulaing input 
signal voltage, applied te sald e!ectrode, when sald 
area is struck by a beam of electrons of prede-. 
termined energy level, means for circularly scan- 
ning each of said electrodes simultaneously with 
a beam of electrons ai said energy level and ai 
a frequency such that the rime betwen succes- 
sive. scans is equal te said de!ay period, means for 

applying  an audio frequency input, signal.t@ salL 
electrodes means for switching  said inpuç alte- 
nately betoeeen electrodes, means for removing« 
the signal stored' on one of said- electrodes, whfle 
5 signal is being stored on h other, andmeans for 
combinin bath parts of said signal in an output 
circuit. 
6; .&Dparatus according fo claim- 5 in which 
said switching, meas is a vacuum tube- whtch, is 
10 rendered, instantaneouslyconductive by the ppli-. 
cation theeto of energy puises having a dura.- 
tion of the-order of- 1 microsecond. 
7:. Apparatus for delaying an input signal for 
a predetermined period- of rime before app!ying 
15 sald signal te a utflizttion circuit, comprising. 
means for generating a continuous series of waves 
having a f,requency such that each cycle has a 
length equal te said delay period, meana fur de- 
drivin, pulses of energy alternately positive: and 
0 negative from said waves, the frequenc: et saifl 
puises being equal te the frequenc: of said waves, 
a flrs and a secon storage tube each having/a 
storage electrode of which each elemental area- 
is iapabte of temporarily storing a charge: hag. 
_.5 a potential proportional te a modulating input 
signal voltage applied te said electrode,, when 
said area- is struck by a beam of, electròns of pre- 
determined energy level, means for circutarly 
scanning each of said electrodes, simultaneeus- 
30 ly and out of phase, with a beam of electrons ai 
sald energy level and at a frequenc:-equal: te-the 
frequenc: of sad waves, means for simultaueous- 
ly controlling the signal input of said second 
storage tube and the signal output of said first 
35 storage tube, said last mentioned means being 
responsive te said positive and negative, energy- 
pulses, means.for reversing the polarit:«of a:part.. 
of the output of said puise deriving means, meas 
responsve te said pulses of reversed polarity for- 
4O simultaneously controlling the signal input of 
said firs storage tube and the signal- output of 
said- second storage tube, means for applying an 
audio input, sg, nal te sald itorage electrodes 
through said signal input controlling means, and 
45 means for taking off said signal frein said. storage 
electrodes through said output controlling means. 
8 A.pparatus according, te cla,im 7 in which sald 
wave-generating means is a variable freqeney 
osc[Uator. 
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